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FOREWORD 


This  report  summarizes  the  work  conducted  by  Value 
Engineering  Company  during  the  period  13  March  1964  to  12 
June  1964. 

Thss  program  is  sponsored  by  the  Navi'  Department. 
Bureau  of  Slav a  1  Weapons,  and  is  under  the  technical  super¬ 
vision  of  Mr.  S.  J-  Matesky,  Code  RMMP-23. 


ABSTRACT 


Attempts  were  made  to  increase  the  ceramic  content  of  the 
electrodeposited  chromium-base  cermet  coating  which  had  been 
developed  previously.  Many  plating  variables,  such  as  current 
density,  solution  temperature,  plating  solution  composition 
and  flashing  time  and  current  density,  were  investigated.  The 
use  of  a  dispersing  agent  and  the  effect  of  different  con¬ 
centrations  of  ceramic  in  the  plating  solution  on  the  asac^nt 
of  ceramic  occluded  in  the  coating  were  studied.  It  was  found 
that  increasing  the  ceramic  concentration  to  0.133  ml  pe  »! 
of  plating  solution  resulted  in  a  coating  containing  5%  ceramic 
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IXTRODUCT  IO& 


The  priMry  objective  of  the  research  conducted  on  this 
contract  is  to  modify  and  optimise  an  e lect r odepos i ted  metal- 
ceramic  coating  to  protect  rocket  components  in  high  temperature 
environments .  As  a  result  of  work  performed  under  Contract 
No.  Now  61-0670-c  (Pinal  Summary  Report  dated  22  March  1962) 
and  Contract  No.  N600{ 19) 58317  (Final  Summary  Report  dated 
IS  March  1963) ,  e  process  was  developed  to  deposit  chromium- 
base  cermet  coatings  on  graphite  substrates.  This  process 
utilises  conventional  electroplating  solutions  with  ceramic 
powders  suspended  in  the  solution.  These  ceramic  particles 
ere  deposited  along  with  chromium  metal  to  fore  e  cermet  coating 

There  were  two  major  areas  of  investigation  contemplated 
for  this  program.  One  involved  the  study  cf  conversion  re¬ 
actions  for  the  coating  surface.  One  such  conversion  coating 
is  a  controlled  preoxidation. 

Previous  studies  have  shown  that  a  control lad  oxidation 
of  the  cermet  coating  resulted  m  the  f onset ion  of  e  thin 
chroaaum  oxide  film  on  the  surface  of  the  coating.  This  film 
resulted  m  increased  performance  which  can  ba  attributad  to 
the  protective  nature  of  the  oxide  film  <is  wo  11  as  to  the  high 
melting  point  of  approximately  4150*F  of  CrjOj  as  compered  to 
3400 41 P  for  chromium.  A  number  of  procedures  would  have  to  be 


in vet t igatad  which  would  result  in  an  adherent  bond  between  the 
oxide  layer  and  the  chromium  cereal.  The  optimum  oxide  layer 
thickness  must  also  be  determined.  As  part  of  this  program, 
the  benefit  of  forming  other  compound •  such  as  carbides  or 
nitrides  on  »h#  «u* face  of  the  cermet  coating  would  be  studied. 

A  very  promising  development  is  that  of  forming  spinels. 

Spinels  formed  with  ZrO^  or  MgO  ere  especially  promising. 

Chromium  with  5%  MgO  has  baen  shown  to  anhance  the  oxidation 
resistance  or  chromium. 

The  second  major  approach  for  improving  the  cermet  coatinq 
ia  that  of  employing  a  controlled  diffusion.  The  “as  deposited” 
coating  adheres  to  the  graphite  •  ubstrate  by  a  mechanical 
bond  ar.J  by  keying  of  the  coating  in  the  pores  of  the  graphite. 
This  bond  is  qu.te  strong,  but  in  order  to  increase  the  thermal 
sho.’l*  resistinee  properties  of  the  coating,  it  is  felt  that  it 
would  be  necessary  to  subject  the  system  to  a  controlled 
diffusion.  This  then  constitutes  the  second  major  effort,  namely, 
the  formation  of  a  gradual  carbon -chromium  diffusion  tone. 

Another  approach  o  increasing  the  thermal  shock  resistance 
of  the  coating  has  b#*^  an  attampt  to  locate  a  grade  of  graphite 
which  has  a  coefficient  of  thermal  expansion  similar  to  that  of 
alectrodeposited  chrouium. 

The  thermal  axpansion  of  the  ATJ  graphite  used  as  a  sub¬ 
strate  in  the  coating  studies  is  considerably  lower  than  that  of 
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the  cermet  coating.  This  means  that  as  the  system  is  cooled, 
the  coating  is  placed  in  tension  and  develops  a  tersile  crack 
pattern. 

Samples  of  two  grades  of  graphite  having  a  coefficient  of 
thermal  expansion  close  to  that  of  chromium  have  been  received 
from  Speer  Carbon  Company.  Tha  characteristics  of  these 


grades  are  shown  below. 

CTE  X  10‘6 


Grade 

Apparent  Density 

*C  (100 

-  600*0 

(gm/cc) 

with  Grain 

Against  Grain 

A- 17*>  -s 

1.6’ 

5.7 

6.1 

E-4  3 

1.68 

6.0 

6.0 

The  expension  coefficient  of  chromium  is  6. 2  X  iO“^cC. 

The  density  oL  ATJ  graphite  which  is  being  used  in  this  program 
it  1.73  am/cc .  ATJ  graphite  has  a  coefficient  of  thermal  ex¬ 
pansion  of  2.19  X  10”6/  C  with  the  grain  and  3.42  X  10'6  rC 
against  the  grain. 

Before  embarking  on  these  two  studies,  it  was  considered 
important  that  every  effort  be  made  to  increase  the  amount  of 
ceramic  in  tha  coating  and  use  this  as  a  basis  for  the  con¬ 
version  and  diffusion  coatings.  Consequently,  the  first  quarter 
of  this  program  has  been  directed  toward  a  study  of  various 
plating  "enables  in  order  to  determine  their  effect  on  coax  ng 
performance  ard  on  the  amount  of  ceramic  present  ir  the  coating. 
Many  plating  variables  were  studied  and  it  was  possible  to  in- 
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crease  the  ceramic  content  of  t Ye  coating  f ror  less-  than  1 


to  r  . 

There  are  many  variables  ar  d  combinations  of  ’.ariables 
which  could  possibly  affect  th#  performance  and  ceramic  con¬ 
tent  of  the  coating.  Neither  time  nor  funds  allowed  a  study 
of  all  these  variables.  Only  those  which  were  considered 
significant  in  their  effect  on  coating  performance  were  in¬ 
vestigated. 

Many  texts,  reports  and  references  were  consulted  to 
assist  ir*  outlining  the  work  lr.  this  program.  A  literature 
search  was  performed  covering  the  following  subjects. 

a.  Chromium  (properties,  compounds,  reactions, 
depos it ion ) 

b.  Cermets  (formation,  composition,  properties) 

c.  Diffusion  (ntchanum,  conditions) 

d.  Graphite  (properties,  reactions) 

e.  Dispersants  (operation,  types) 

The  SMjority  of  the  information  obtained  will  be  useful 
in  planning  the  diffusion  and  conversion  studies.  As  these 
studies  ere  conducted,  the  knowledge  obtained  from  the  litera¬ 
ture  review  will  be  included  ir.  the  reports  describing  thvse 
studies.  Several  aspects  of  aqueous  e lect^odepos it  ion  of 
chromium  we  e  revealed  which  affected  some  of  the  plating 
variable  studies. 
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:  l  ect  rode  posited  cvrom..r  from  cor ..  er~i  ona  1  pla'  i  •  .  r  ?' 

has  a  fine  network  of  isolated  mcro-cracKj  dispersed  *  r  '  .  d 

its  tr.ckness.  The  cracks  in  t‘  o  deposit  are  supposed  ■  o 
caused  by  the  large  amount  of  st  ress  developed  i;r.  ;  :■  .*  .* 
deposition.  The  crack m  j  is  the  res  .It  of  a  decrease  *  • 

internal  tress  with  periodic  e'clrt  .or  of  .as  1  :  1"-  -  |' 

panying  this  change.  Wher  • *•  e  initial  stress  is  snail  .  ** *.  o?  % 

r.c  cracks  occur.  These  crack-free  deposits  car  :  e  ol  ♦  a  i-ed  .  | 

i : 
& 

using  high  plating  solution  temperatures,  h  i  ih.  cr.ro- 1-’  acid  | 

I 

concentrations  and  high  CrO,  t  HjS ' 4  ratios  Although  there  | 

i 

are  fewer  cracks  formed  it  tie  h  her  solution  temperatures  S 

the  average  depth  of  cracks  in  fe  chromium  deposit  increased  | 

1 

with  increasing  temperature.  At  a  temperature  of  loo  i  t  ■  e  | 

average  creek  depth  is  about  1  microns  ‘0.00012”)  and  at  I 

I 

140" F  the  average  crack  depth  ;s  about  14  microns  Several  | 

graphite  stimples  were  coated  fr-«  plating  solutions  hr/ir.  j  a  f 

high  chromic  acid  concentrat  .or  d  <-*/■- raf^  and  h  1  ih  tempera¬ 
ture  185'F}. 

The  remainder  of  fe  coat.ng  studies  v-sre  perfoimed 
using  a  *  low  concentrate”  bath  ;c'~  vas  a  nominal  chromic 
acid  concentration  of  33  ox/gal  and  0.33  oxaai  sulfuric  a.- id . 

This  bath  is  used  for  obta.nir.g  a  relatively  hiah  hardness 
deposit,  high  deposit  icn  efficiency  ard  a  rapid  rate  of  meal 


-  J  - 


Best  Available  Copv 


d«jx>s  it  ion .  A et  a  result.  this  type  of  bath  is  suitable  for 
producing  heavy  deposits .  The  "high  concentrate"  bath,  having 
a  nominal  chromic  acid  concentration  of  53  o*/gal  and  a  sulfuric 
acid  concentration  of  0.53  os/gai,  is  used  where  higher  con¬ 
ductivity  p*  j«  better  covering  power  on  more  complex  parts  is 
required.  In  addition,  this  bath  is  more  tolerant  to  bath 
irapuriti®®  awl  changes  in  solution  composition. 

The  presence  of  chlorides  in  the  plating  solution  at 
concentrations  as  low  as  0.001  os/gal  is  harmful*  Chlorides 
re&ilt  in  loss  of  efficiency  and  reduction  of  covering  power. 
Distilled  weter  was  used  to  prepare  all  of  the  plating  solutions 
us*d  in  this  program  so  that  no  contaminants  such  as  chloride® 
or  iron  were  present. 
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mm  FEnroaMES 


During  the  initial  phase,  certain  plating  variables  wtrc  in¬ 
vestigated  as  a  preliminary  requirement  to  optimising  plating 
procedures  and  characterising  a  reproducible  coating.  The  purpose 
of  this  investigation  was  to  produce  a  coating  with  the  greatest 
quantity  of  ceramic  particles  ir  the  chromium  matrix.  To  this 
end  the  following  variables  were  invest igatedi 
A  Method  of  Agitation 
h  Type  of  Ceramic 

C.  Particle  Concentration  (in  plating  solution) 

D ,  Dispersant  Concentration 
E  General  Plating  Variables 

1,  Current  Density 
2  .  Bat v  Temperature 

3.  Flashing  Tima  and  Current  Density 

4,  ChrortM  Acid  and  Sulfuric  Acid 
Concentrat ion . 

Substrate  Samples 

I  111  IhiiihMMiii  <■■■■  — — i . I  I  nee— «*.. 

Solid  AT J  graphite  cylinders  1  inch  in  diameter  and  h  inches 
long  were  used  in  all  the  coating  studies.  The  cylindrical  shapes 
assured  a  coat.ng  of  uniform  thickness  without  any  buildup  at 
corners.  Tv is  shcpe  is  also  beneficial  m  that  no  failuras  will 
occur  at  corners  or  edges  during  testing.  The  6  inch  sample  was 

m  "y  «*► 


divided  into  three  sections.  X-Ray  fkortvctnct  analysis  wot 
conducted  on  .no  section  to  determine  the  ceramic  content  of 
tho  coo ting,  ono  section  was  used  for  ©xy acetylene  torch 
evaluation  imd  tho  third  will  ho  used  for  furnace  oxidation 
tests.  By  using  tho  same  sample,  it  is  store  feasible  to  make 
a  direct  comparison  of  ceramic  content  end  coating  performance. 
BUagft  al  citation 

To  increase  the  ceraaic  -  octal  ratio,  three  methods  of 
agitation  were  invest igated: 

A.  Slow  agitation 

B.  Vigorous  agitation 

C.  Par iodic  agitation 

Three  graphite  cylinders  were  coated  utilising  each  of 
theoe  t'/pes  of  agitation.  The  ceramic  used  in  this  study  was 
tantalum  carbide  having  a  particle  else  less  then  2  microns. 

A  section  of  each  sample  was  submitted  for  analysis  by  x-ray 
fluorescence  to  determine  the  quantity  of  ceramic  in  the 
coating.  The  results  of  this  analysis  are  tabulated  below,. 
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Agitation 

Sample 

Plating  Bath 

m  %  Tac 

M«£h«t 

Mo, 

So. 

Slow 

l 

h 

.01? 

5 

B 

.004 

9 

C 

.010 

Vigorous 

2 

B 

.010 

o 

C 

.01? 

10 

A 

.040 

Alternate 

J 

C 

.010 

4 

A 

.009 

8 

B 

.015 

Analysis  of  variance  of  these  X-ray  data  indicated  that 
there  ware  no  significant  differences  among  agitation  methods 
or  plating  baths.  One  explanation  for  this  is  that  the  ceramic 
particles  used  had  a  particle  size  less  than  2  » icrors:  as  com¬ 
pared  to  less  than  44  microns  used  in  previous  studies. 

Because  of  chip  small  particle  size,  any  of  the  agitation  methods 
were  able  to  keep  the  particles  uniformly  suspended  in  the 
plating  solution. 

Type  of  Ceramic 

Tests  were  conducted  to  determine  the  relationship  between 
the  type  of  ceramic  used  in  the  plating  solution  and  the 
quantity  of  ceramic  particles  occluded  in  the  coating .  Zirconium 
oxide  and  tantalum  carbide  were  selected  for  this  study. 

Graphite  cylinders  were  coated  from  solutions  containing  600  ml 
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of  each  of  these  ceramics. 


X-Ray  f  luoreacenoe  analysis  on  both  type  of  samples  in¬ 
dicator  that  there  were  no  apprec iafc 1«  difference  in  th*  per¬ 
centage  of  ceramic  in  tho  coatings,  both  containing  loss  than 
0.1%. 

Particle  Concentration 

Sample*  wer*  coatod  in  plating  solutions  containing  the 
following  concentrations  of  ZrOj: 

A.  250  ml 

B .  600  ml 

C.  1000  ml 

These  samples  were  analysed  by  x-ray  fluorescence  and  several 
were  analysed  by  emission  spectrography .  Tho  result®  indicated 
that  all  of  the  coatings  contained  less  than  0.1%  ZrC^  with  the 
exception  of  the  three  sample*  coated  in  the  solution  containing 
1000  ml.  of  ZrOj.  These  coatings  lt*d  *  ceramic  content  of  1.5/., 
2.25%  and  554. 

Since  the  plating  solution  containing  1000  mi  of  Zr02  pro¬ 
duced  a  coating  containing  such  a  significantly  greater  amount 
of  ceramic  m  the  coating,  it  was  decided  to  determine  the 
reproducibility  of  these  coatings.  A  new  plating  solution  con¬ 
taining  1000  ml  ZrOj  wes  prepared  and  two  sample*  plated  from 
it  Coatings  from  this  second  solution  contained  less  than  0.1% 
ZrO.  Further  work  will  have  to  be  performed  to  obtain  a  re- 

4 

producible  coating. 
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Dispersant  Concentration 


Initial  work  suggested  that  the  ace  of  dispersants  in  the 
plating  colution  caused  an  increase  in  the  osxxtnt  of  ceramic 
occluded  in  the  chromium  matrix .  The  dispersant  increeses  the 
viscosity  of  the  solution,  thus  allowing  th*>  ceramic  particle* 
to  remain  in  suspension  for  a  longer  period  of  time.  Another 
advantage  of  dispersants  is  that  it  impartr  a  change  to  the 
ceramic  which  results  m  a  uniform  suspension  of  particles  in 
the  plating  solution. 

Graphite  cylinders  were  coated  from  solutions  containing 
UK»,  140,  a.id  180  grams  of  dispersing  agent  to  determine  the 
extent  to  which  the  ceramic  content  and  the  performance  of  the 
cermet  coating  could  he  improved.  All  of  tbeee  solution?  con- 
tained  2S0  ml  of  nrconium  oxide.  A  section  of  each  of  these 
cylinders  was  submitted  for  x-ray  fluorescence  analysis  to 
utetefmine  the  concentration  of  ZrOj  in  the  coating.  The  re¬ 
fraining  portion  of  each  of  the  cylinders  ***;  eve lusted  by  the 
oxyacotylene  torch  test . 

There  have  been  a  number  of  problems  assoc rated  with  the 
u*e  of  high  concentrations  of  dispersant  in  the  plating  solutions. 
Tie  addition  of  the  dispersant  caused  frothing  and  bubbling  of 
the  bath , 
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Another  problem  associated  with  high  concent  tat  ions  of 
dispersant  ass  that  vary  large  quantities  of  particles  were 
kept  suspended  in  the  plating  solution.  Consequently,  when 
a  sample  aas  introduced  into  the  solution,  it  ass  Immediately 
covered  aith  ceramic  particles,  which  rendered  the  surface  non* 
conductive.  As  a  result,  there  aas  a  very  lea  deposition  of 
chroaiuu. 

A  number  of  approaches  as  re  investigated  to  solve  this 
prohlssR.  One  method  aas  to  coat  the  saaple  for  5  *  10  minutes 
before  agitating  the  bath.  This  ailoas  a  very  thin  film  of 
chromium  to  be  deposited  on  the  sample  before  the  particles 
become  suspends d  in  the  plating  solution.  In  addition,  an 
anti-foaming  agent  ees  ordered  to  prevent  frothing  of  solutions 
containing  the  dispersant . 

X-My  fluorescence  data  showed  that  the  cm  ramie  content  of 
the  coating  aas  less  then  0.1%,  thus  indicating  that  the  dis¬ 
persant  did  not  increase  the  amount  of  ceramic  in  the  coating. 

Seaeli  v»rm>u» 

am  tmtB  Urn  aal  Carrwt  Pwwltv 

In  order  to  obtain  an  adherent  coating  on  the  surface  of 
the  graphite  substrate,  s  high  current  density  is  used  when  the 
sample  is  first  introduced  into  the  plating  solution.  This  is 
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referred  to  *s  flashing.  After  a  specified  time.  the  current 


ie  lowered  for  the  duration  of  the  plating  cycle.  A  number 
of  cMbinationi  of  bath  temperature,  flashing  ties,  flashing 
current  density  and  plating  current  density  were  investigated 
to  determine  if  they  affect  the  aaount  of  ceramic  in  the 
coating  or  the  coating  performance.  Three  graphite  samples 
were  plated  under  each  of  the  following  condition*: 


Bath.  T 


rature 


( *Fi) 


Plashing 

Current 

Density 

<— /*  n^i 


Plashing 


(min.) 


Plating 

Current 

Density 


A. 

132 

8 

10 

B. 

132 

8 

10 

C. 

US 

8 

10 

D. 

ir 

8 

60 

E. 

132 

16 

10 

F. 

132 

16 

60 

a. 5 

8 

5.2 

2.5 

2.5 

2.5 


The  ceramic  content  of  all  of  the  coatings  produced  by  these 
condition*  wes  leee  then  0.1*. 

Bat-  composition 

In  addition  to  the  nor eel  pieting  solution  of  33  oa/gel 
CrCj  end  0.33  os/gel  H^SO^  wh icv  wes  used  in  ell  of  the  studies, 
s  53  os/gal  CrGj  and  0.53  ot/gal  H^sc^  solution  wes  prepared . 
Samples  were  coated  from  tv  is  solution  end  analysed  by  fc*r*y 
fluorescence .  Tvere  was  nc  evidence  of  increased  ceramic  content 


from  this  solution 


The  coating*  from  this  solution,  as  fro*  tha  normal 
solution,  contain*)  lass  than  0.1%  ceramic. 

gaaasxkea.  Jassk  Saai  tasum. 

An  oxyacetylene  torch  tost  facility  was  constructed  to 
affoetiveJLy  evaluate  the  coatings  studied  in  this  program, 
lotamaters  were  incorporated  into  the  facility  it©  closely 
control  the  flow  rates  of  the  oxygen  and  acetylene  in  order 
to  obtain  a  &*producible  evaluator,  test. 

t— t  iosatiu 

It  was  decided  to  conduct  the  torch  test  by  keeping  the 
oxidiaer  to  fuel  ratio  constant  and  thereby  subject  *he  samples 
to  a  constant  boat  flux  rathar  than  testing  at  a  particular 
spec icon  temperature .  Using  e  constant  heat  flux  is  wore 
representative  of  what  actually  occurs  in  *  service  environment 
and  this  method  does  not  depend  on  specimen  eeittauce. 

The  flow  rate  of  oxygen  used  was  21  scfh  and  the  flow 
rate  of  acetylene  was  10.8  scfh.  A  torch  tip-to-specimer. 
distance  of  15/18  inches  was  used.  This  distance  wet  chosen 
so  that  tha  coatings  would  not  fail  in  too  short  s  time,  in 
which  case  it  would  be  difficult  to  differentiate  among  the 
coatings.  On  tha  other  hand  the  distance  was  close  enough  to 
make  tha  test  relatively  severe. 

The  time  to  failure  was  taken  as  tha  first  appearance  of 
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j  >i,.  ir.  ti-e  coatir.  g.  is  cc  -  Id  be  detected  by  viewing 
tf,rouih  a  dark  glass  and  notin  the  appearance  of  any  intense 
not  spot  in  the  coating.  An  optical  pyrometer  was  uaed  to 
measure  specimen  surface  temperatures. 

Qxyacety ic.,e  Torch  lest  Results 

In  many  cases  there  was  a  ^rcat  scatter  of  oxyacetylene 
torch  data  indicating  the  need  for  obtaining  a  more  re- 
producible  coating.  However  several  concluaiona  can  be  drawn 
from  these  data.  The  oxyacetylene  teat  data  are  ahown  in  Table  1. 
Dispersant  Concentration  -  Samples  coated  from  plating  solutions 
containing  the  dispersing  agent  did  not  show  ^ny  improvement 
in  performance.  In  moat  cases,  m  fact,  the  time  to  failure 
of  these  samples  was  less  than  for  sarplea  coated  from  solutions 
not  having  the  dispersant 

Ceramic  Concentration  -  Samples  coated  from  solutions  containing 
high  percentages  of  ceramic  particles  failed  in  less  tint  than 
samples  coated  from  solutions  containing  fewer  particles, 
samples  26.  2S  and  30  contained  5.  2  25  and  1.5  per  cent  ZrOj, 
respectively,  as  determined  by  x-ray  fluorescence.  The  poor 
performance  of  these  samples  can  be  attributed  to  two  factors. 

These  samples  were  sectioned  mounted  and  polished  metallographically 
to  study  the  structure  of  the  cross  section.  Unlike  the  other 
samples  which  have  a  uniform  coating  thickness  along  their  length. 


’•  -•*  '•  c  .1 1  ;:.  ji  *cre  ;  r  r  eg  L ->r  ir.  thickness  .  Some  areas 

’  :  :.e  c..jt  if..:  were  less  than  0 . 3  r.i  Is  while  other  areas  were 
i  i.o  mils  Apparently  the  relatively  high  ceramic  con¬ 
tent  w ;  the  coating  causes  thickness  irregularities.  Wher  a 
ceramic  particle  is  first  occluded  by  the  chromium  matrix  during 
the  plating  operation  it  protrudes  beyond  the  original  coating 
thickness.  Consequently  there  is  a  greater  coating  build 
up  in  the  urea  of  the  ceramic  particle  which  is  caused  by  the 
concentration  of  current  f iew  to  the  relatively  sharp  point  of 
the  ceramic  particle,  the  decrease  m  distance  from  the  anode 
and  the  decrease  in  polarization  brought  about  by  the  induced 
stirring  of  the  electrolyte  arcund  the  particle. 

Another  possible  cause  for  the  poor  performance  of  these 
relatively  high  concentration  ceramic  cermets  is  the  poor 
adhesion  between  the  chromium  and  ceramic.  This  suggests  the 
need  for  some  post  coating  heat  treating  operation  rc  increase 
the  bond  between  the  mete  1  and  ceramic  phases 

Bath  Temperature  and  Current  Penalty  -  Torch  test  data  indicate 
that  samples  coated  at  132  F  are  superior  to  samples  coated  a 
solution  temperature  of  185  F 

Flashing  Time  and  Current  Density  -  A  flashing  time  cf  10  minutes 
at  current  density  of  8  amps/m2  resulted  in  a  better  coating 


*  ’•  >st'  oua  mcd  us  me!  j  i  1  jshi;,  <  t  i~<.*  i «  ,j.  r.ur,  jict ; 

r  r  »  iher  current  density  t  16  arps/m^) 
catr,  ompos  it  ion  -  No  increase  in  coat  ir.^  performance  was  j„.  - 
tamed  by  using  the  "high  concentrate"  plating  solution  i  .  i  02  jal 
rO^  0.53  oz/ga I  K^SO^) . 

Type  of  Ceramic  -  The  coating  containing  the  TaC  was  in  no 
•*oy  superior  to  coatings  containing  ZtC>2  .  In  view  of  the  low 
cost  ot  ZrOj  as  compared  to  TaC  zirconium  oxide  will  be  used 
in  all  future  coating  studies 

As  a  result  of  the  x-ray  fluorescence  analysis  and 
cxy acetylene  test  the  following  coating  parameter  values  can 
be  considered  optimum  and  will  be  used  as  a  basis  for  further 
deve lopnent  work 
Type  of  Ceramic  -  Zr<>2 

Ceram  c  Concentration  -  1000  ml  per  9  liters  of  solution 

Solution  Concentration  -  33  oz/ga 1  CrOj,  0*33  oz/gal  HjSO^ 

Flashing  Time  and  Current  Density  -  10  minutes,  8  amps/ in2 

2 

fath  Temperature  and  Current  Density  -  132 *F,  2.5  amps/ in 


Dispersant  -  None 


TABLE  I .  SUMMARY  OF  OXY ACETYLENE  TORCH  DATA 


pic  No  . 

Var i at  le 
Studied 

Variable  Value  Sample 

Temperature 

i’F) 

Tune  To 
Failure 
(mins  sec). 

13 

Dispersant 

ICO  gm  dispersant  2730 

15:20  NF 

16 

Concentration 

2900 

2:35 

1  7 

2820 

29:20 

19 

140  -}ir.  dispersant  2900 

4:18 

24 

2730 

40:43 

2  7 

2710 

3:30 

31 

180  gm  dispersant  2780 

30:00 

33 

2860 

9:00 

33 

2700 

13:00 

20 

Ceramic 

250  ml  ZrO,  2740 

36:18 

21 

Concentration 

2750 

27:47 

28 

600  ml  ZrO 5  2775 

9*02 

32 

2740 

60*00  NF 

34 

2700 

2*50 

26 

1000  ml  ZrO,  2760 

4*00 

29 

7730 

8:00 

30 

2780 

4:40 

39 

Bath 

185  F  5.2  ampe/in2  2730 

43*05 

41 

Temperature 

2840 

13*05 

43 

and  Current 

2650 

5*28 

45 

Deneity 

2760 

22*55 

37 

132  F.  2.5  ampe/ln2  2780 

21*00 

38 

2800 

34*30 

40 

2 

132  F  8.5  amps/in  2840 

62*00 

42 

2780 

3*10 

44 

2720 

37*27 

-18 


57 

F lashing 

60  min. 

56 

Tuae  and 

Current 

5*# 

60 

61 

Density 

10  min. 

53 

Bath 

53  oz/g 

55 

CcMnpoe  it  ion 

0.53  oz 

50 

Type  of 

Ceramic 

TaC 

69 

Ceraj ,  c. 

1000  ml 

?0 

72 

C  oncer, trat  ion 

7j 

Temperature 

185  F 

7  3 

and  Current 
Dens  x ty 

(us  mg 

75 

Dispersant 

100  gm 

76 

78 

Concentration 

( us  mg 

NT 

-  No  Failure 

o  -  2 

8  amps/  m 

2775 

7:43 

2730 

10:23 

? 

16  amps/ in 

2750 

5:08 

2730 

5:30 

2760 

8:  37 

ai  Cr03, 

2760 

28:  19 

'gal  HjSO^ 

2760 

9,38 

2780 

2:46 

ZzQ2 

2800 

3 : 22 

2750 

36:01 

2870 

12:44 

2 

5.2  amps/ in 

2770 

15:30 

1000  mi  2r02) 

2«eo 

27:20 

dispersant 

2740 

2:46 

1000  ml  Zt'C2) 

2860 

4 : 13 

2800 

8:36 

19- 


FUTURE  WORK 


Invest igatiors  performed  during  the  first  three  months  hive 
shown  that  the  ceramic  content  of  the  cermet  coating  could  Le 
increased  from  less  than  G.i  to  the  1.5  to  5  per  cent  range. 

The  reproducibility  of  the  coating,  however,  is  poor,  one  of 
the  tasks  during  the  second  quarter,  therefore,  is  to  briefly 
study  the  conditions  which  will  result  in  coatings  have  a 
consist ant iy  high  ceramic  content. 

The  major  effort  during  the  second  quarter  will  ne  a  study 
of  conversion  reactions  and  diffusion  operations  necessary  to 
improve  the  performance  of  the  coating.  The  first  conversion 
reaction  ;o  be  studied  wii’  be  a  controlled  oxidation.  A  pre¬ 
ox  id i zed  coating  has  been  vhowr.  to  be  superior  to  the  "as 
deposited"  coating.  The  optimum  temperature  and  time  to  give 
an  adherent  and  t&nse  oxide  layer  will  be  determined.  The 
temperature,  time  arid  furnace  atmosphere  to  produce  the 
optimum  graphite  -cei.net  diffusion  zone  v*i  1  i  also  be  determined. 
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